Rural Development is a priority in Europe and it is supported by specific, financial programmes. At the same time, sustainability is the key word for the European Union to construct programmes and policies for all human activities. However, measuring sustainability of rural areas is not easy, due to their particular features. The improvement of knowledge on sustainability in rural areas is important to build long term policies and strategies for those territories. The objective of this study is the development of a decision support system based on the Dominance-based Rough Set Approach (DRSA), to assess the level of Rural Sustainable Development in specific areas. We used DRSA to analyze the level of sustainability of the 92 municipalities of the Region of Umbria, Italy. The results were synthesized in a final ranking, taking into account the equilibrium and the integration between development and sustainability of each municipality. DRSA showed a high potential in the context of management or planning, and for supporting Decision Makers. DRSA is able to give a ranking as well as an explanation of the main factors driving sustainable development in rural areas.
Introduction
Rural areas in Europe represent a large part of the territory. Approximately 86% of the territory and approximately 75% of the LAU2 units of the European Union are rural (Jonard et al., 2009; United Nation, 2008) . LAU stands for Local Administrative Unit corresponding to the lowest level administrative of a country. In the European Union, LAUs form the basic element of the Nomenclature of Territorial Units for Statistics (NUTS) of the regions. LAU2 represents the level of municipalities, or similar. LAU1 is an upper level, which is not defined in all UE countries. They present very different environments, a variety of economic activities, unique and ancient, social and cultural traditions (Heilig, 2002) . Rural development is the second pillar of the Common Agricultural Policy, and financial aids are available for the development of rural regions and communities in the EU (Gómez-Limón and Atance, 2004) . Furthermore, the agricultural and rural policy of EU has increased the attention paid to the environment in the last ten years (Young et al., 2005; Hart and Baldock, 2011) . Sustainability of human activities is one of the most important concerns of the European Union. Sustainable development was introduced for the first time as an explicit recommendation in the Brundtland report of 1987. A requirement for environmental integration in all policies was introduced by the Maastricht Treaty in 1992 and reinforced by the Treaty of Amsterdam (1997) . Europe 2020 (COM (2010) 2020), the EU's growth strategy for the coming decade, is the final act in this direction. However, the discussions on what the strategic objectives of sustainable agriculture are, which criteria are to be taken into account, which are the actions to develop, and which are the methodological tools to use for the involved evaluations, are 3 still under development (Young et al., 2005) . As a consequence, the need to assess the level of sustainability achieved, both at company and at government level, is increasing. This process involves all economic sectors, including agriculture. In 1988, the Food and Agriculture Organization (FAO) Council defined sustainable development as "the management and conservation of the natural resource and the orientation of technological and institutional change in such a manner as to ensure the attainment and continued satisfaction of human needs for present and future generations. Such sustainable development in the agriculture, forestry and fisheries sectors conserves land, water, plant and animal genetic resources, is environmentally non-degrading, technically appropriate, economically viable and socially acceptable" (FAO, 1988) .
In rural areas, development must be achieved to improve social and economic conditions, but it must be sustainable, following the guide lines drawn in the Renewed EU Sustainable Development Strategy, published in 2006 and 2009. Rural development must become a Rural Sustainable Development (Copus and Crabtree, 1996) .
The goals of rural sustainable development are (Baldock et al., 2001) : -diversification of agricultural production (Hjalager, 1999) ; -multi-functionality of agriculture (enhance social, environmental and cultural functions of agriculture, in addition to the productive function) (Morgan et al., 2010; Wilson, 2007) ; -enhancement of food security (Ayres and McCalla, 1996) ; -employment and income generation in rural areas (Shortall and Shucksmith, 2001) ; -natural resource management and environmental protection (Emerson and Gillmor, 1999) ; -conservation of social and cultural traditions in rural areas (Kneafsey, 2001; Szlanyinka, 2009 ). The result should be to enable rural communities to achieve the following goals: -to be cohesive and stable with viable institutions and sustainable economies; -to be able to attract and retain skilled people, capable of contributing to growth and development (Shortall and Shucksmith, 2001 ); -to guarantee proper environmental management. Rural sustainable development is a multidimensional concept (Kitchen and Marsden, 2009) . It means that Multiple Criteria Decision Aiding (MCDA) (see Figueira et al., 2005 for a state of the art) is the most suitable tool for an assessment process. The Rural Development Programme in Europe is subjected to a constant evaluation and revision, as part of the Common Agriculture Policy (CAP). The same happens in other countries. For a better application of programmes and plans regarding rural development, it is very important to analyze and understand local opportunities and territorial characteristics. In this way, it is possible to guide and manage rural development. Assessing the level of Rural Sustainable Development in specific areas, and finding explanations for the different levels is important to address decision makers in their allocation of resources. This can help to maintain and improve both the level of development and the level of sustainability in rural areas.
The objective of this study is to develop a decision support system based on the Dominancebased Rough Set Approach (DRSA) (Greco et al., 2001a) , to assess the level of Rural Sustainable 4 Development in specific areas, and to address decision makers in the allocation of their resources, to maintain and improve the level of rural sustainable development.
The case study refers to Umbria, a region of central Italy. A set of indicators of rural development and sustainable development was determined. This set reflects rural sustainable development at a territorial level (in this case at municipality level). The analysis considers the 92 municipalities of Umbria.
The paper is structured as follows: after an accurate overview of the DRSA method in Section 2, the indicators used in the analysis and the case study are described in Section 3. Section 4 reports the principal results, whereas Section 5 reports the discussion. Some final conclusions follow.
Method
The Rough Sets theory was introduced by Pawlak (Pawlak, 1982 (Pawlak, , 1991 and it constitutes a tool to describe a set of objects, for which the available information is possibly inconsistent or ambiguous. The Rough Sets philosophy is based on the assumption that a certain amount of information (data, knowledge, etc.), expressed by means of certain attributes, is associated with every object of a universe U. Rough sets are formally defined on the basis of an indiscernibility relation in a given universe of the discourse U, defined as follows: two objects from U are indiscernible if they have the same description with reference to the available information. The indiscernibility relation is an equivalence relation and consequently, it allows a partition of the universe of objects under examination to be made. In this sense, it is possible to identify blocks of indiscernible objects, called elementary sets or granules, which can be used to build up new knowledge. An information system is the basis on which the rough set theory is applied. It may contain two classes of attributes, known as condition and decision attributes, respectively, which may be used to transform the information system into a decision table. The decision table can then be denoted as S= (U, C, D) where C and D are the condition and decision attribute sets, respectively. The decision attributes, together with the indiscernibility relation, are used to partition the information table into decision classes. The lower approximation of a given decision class consists of all the objects such that all objects indiscernible with them with respect to condition attributes are contained in the considered decision class. The upper approximation of a given decision class consists of all the objects for which there is at least one object indiscernible with them contained in the considered decision class. The object belonging to the upper approximation, but not belonging to the lower approximation constitutes the boundary of the considered decision class. Lower approximation, upper approximation and boundary represent the certain, possible and doubtful knowledge of the decision class, respectively. To apply the rough set theory to MCDA, we need to generalize the Classical Rough Set Approach (CRSA) and consider preferences for attribute domains and for the set of decision classes. A rough set applied to MCDA also enables decisions to be considered which are "inconsistent" due to the limited discriminatory power of the criteria for the analysis or as a result of the hesitation of the Decision Maker (DM). Thus, in order to take into account the preferences of the DM and the inconsistency typical of decision problems, (Greco et al., 1999 (Greco et al., , 2001a (Greco et al., , 2002 proposed an extension of the CRSA. This innovation is based on the substitution of the indiscernibility relation by a dominance relation in the rough approximation of decision classes, to obtain a new rough set model called the Dominance Rough Set Approach (DRSA). For some recent surveys on DRSA see Greco et al., 2005; Slowinski et al., 2009 Slowinski et al., , 2012 Slowinski et al., , 2014 . Recently, the DRSA has also been applied to multi-objective optimization (Greco et al., 2008) . DRSA considers preference evaluations on the decision attributes and preference ordered classes defined by the decision attributes. Within DRSA the lower approximation of a set of objects belonging to at least a given class (i.e. the set of objects belonging to the given decision class or to a better decision class) consists of all the objects such that all objects being at least as good as them with respect to all condition attributes (i.e. all other objects dominating them) are contained in the considered decision class or in a better decision class. The upper approximation of a set of objects belonging to at least a given decision class consists of all the objects for which there is at least one object being at most as good as them with respect to all condition attributes (i.e. at least one object dominated by them) which is contained in the considered decision class or in a better decision class. Analogously, within DRSA the lower approximation of a set of objects belonging to at most a given decision class (i.e. the set of objects belonging to the given decision class or to a worse decision class) consists of all the objects such that all objects being at most as good as them with respect to all condition attributes (i.e. all other objects dominated by them) are contained in the considered decision class or in a worse decision class. The upper approximation of a set of objects belonging to at most a given decision class consists of all the objects for which there is at least one object being at least as good as them with respect to all condition attributes (i.e. at least one object dominating them) which is contained in the considered decision class or in a worse decision class. The CRSA, as already seen, is based on an equivalence relation, through which it is impossible to take the information related to preference ordered information into proper account. According to this theory, it is impossible to identify the inconsistency, due to the presence of ordered criteria among the attributes. In the DRSA, the set of decision rules induced gives a more synthetic representation of knowledge contained in the decision table, because the minimal sets of rules thus obtained have a smaller number of rules and use a smaller number of conditions. The reason is the difference between the set of rules induced from a classical approach and a set of rules coming from the DRSA. In fact, the application to new objects of DRSA rules expressed in the form "if... at least/at most..., then..." gives better results than the application of the CRSA rules expressed in the form "if... equal..., then…". The separation of certain and doubtful knowledge about the DM's preferences obtained by DRSA is expressed in terms of different kinds of decision rules, depending on whether they are induced from lower approximations of decision classes, or from the boundaries of these classes consisting of inconsistent examples that fail to observe the dominance principle.
Let us recall the basic concepts of the Dominance-based Rough Set Approach (DRSA). The sets to be approximated are called upward unions and downward unions of classes, respectively: 
(2) Given x and y two objects in the universe, we say that object x dominates object y, x,yU, with respect to PC, denoted by xDPy, if x is at least as good as y with respect to all qP. Given PC and xU, the "granules of knowledge" used for approximation in DRSA are:
 a set of objects dominating x with respect to criteria from P, called the P-dominating set,
 a set of objects dominated by x with respect to criteria from P, called the P-dominated set, Cl are defined as:
, for t=1,...,n.
For a given upward or downward union of classes, Cl are positive and all the others negative, suggest a certain assignment to ''at least class Clt'' or to ''at most class Cls'', respectively; on the other hand, the decision rules induced under a hypothesis that objects belonging to the are positive and all the others negative, suggest an approximate assignment to some classes between Cls and Clt (s<t). Assuming that, for each qC, VqR (i.e. Vq is quantitative) and that, for each x,yU, f(x,q)f (y,q) implies that x is at least as good as y with respect to criterion q, denoted by xqy, the following two types of decision rules can be considered: Sometimes probabilistic decision rule are considered (Greco et al., 2001b , Blaszczynski et al., 2009 . In this case each rules has a credibility measured as the ratio between the number of objects satisfying the premise and the conclusion over the number of objects satisfying only the premise, i.e. 1) in case of a D-decision rule r with the following syntax: if f(x,q1)rq1 and f(x,q2)rq2 and … f(x,qp)rqp, then x Cl t  , the credibility C(r) of the rule r is given by 
Case study 3.1 Indicators
The phenomenon of rurality is extremely complex to focus on, and to translate into empirical measurement, as a consequence of its multidimensional qualities (social, geographical, demographical, economic, etc.) , and of its variability in time. This complexity makes it quite hard to give a precise definition of rurality.
The choice of any definition is always partial and susceptible to absolutely legitimate criticism (Murdoch and Pratt, 1997) . Even the definitions adopted for some years by OECD (OECD, 1994 (OECD, , 1996 and EU (European Commission, 1997) should nowadays be subjected to serious discussion. The OECD definition is too centred on demographic density and on geo-statistical units, giving it an administrative nature instead of a functional one (socially and economically intended). On the other hand, the EU definition is ambiguously centred on the idea of economic backwardness (a rural area as being synonymous with a lagging area). Both definitions stem from a dual approach to economic-territorial analysis (rural vs. non rural) instead of a more realistic standpoint, i.e. the consideration of a plurality of local development patterns, with a plurality of rural local models as well.
Since we are unable to discuss this theory more in depth in the present paper, we use the explicitly "empirical and reductive" definition of rurality given by Kaiser (Kaiser, 1990) , founded on the following four general points: 1. low density of inhabitants and buildings and therefore prevalence of green landscapes; 2. prevalently agricultural, forest and pastoral use of space; 3. inhabitants' lifestyle characterized by belonging to small centres and a very close and penetrating relationship with the environment; 4. specific identity and self-representation of people influenced by a peasant background.
Based on census data (ISTAT) referring to 2010 (for agriculture) and 2011 (on population) (ISTAT, 2010, 2011), we pointed out some criteria that seem to represent a reasonable translation into quantitative benchmarks of Kaiser's points. Quantitative benchmarks must be intended in relative terms rather than in absolute terms: more rural (or less urban) versus less rural (or more urban), instead of a clear contrast between urban and rural. Moreover, the criteria analyzed are coherent with the socio-economic dimension of suitable development for the rural area (Copus and Crabtree, 1996) These five criteria are as follows: 1. the quota of freehold dwellings (that is generally higher in the small settlements of rural localities); 2. the quota of the population resident in minor centres (centres with a number of residents not exceeding the number of the most populated cluster of houses in the region of Umbria (Istat, 2011) , clusters of houses and scattered houses (as a proxy of a typical settlement in rural localities); 3. the demographic density, measured according to the residents in major centres, that is centres with a number of residents exceeding the number of the most populated cluster of houses in region (measure of the absolute centralization of settlement: the greater it is, the greater the phenomena of both residential and productive social gravitation); 4. the number of residents (measure of the scale of settlement: the greater it is, the greater the phenomena of both residential and productive agglomeration); 5. the ratio between young farmers (under 40 years old) and the rest of employers in the primary sector (that measure the turnover in a key sector for rural areas). Moreover, two indicators were used to give more information concerning the level of rural development. The two indicators relate to the capacity to supply products and services in addition to the traditional commodities: in this case typical products and provision of accommodation in rural tourism. Finally, three indicators relating to the level of irrigation, density of breeding and the level of organic agriculture were added to complete the framework.
The following is the complete list of the indicators used for the analysis: A1: Population scattering index: this is the ratio between the population living in individual homes, villages, small towns (up to 518 units), and the total population.
A2: Concentrated population/Sq. Km: this is the concentrated population per unit of area (square km).
A3: Owned homes/Total homes: this is the ratio between the number of homes owned by the residents and the total number of homes. 9 A4: Total residents: this is the total number of residents. A5: Agricultural age structure: this is the ratio between farms managed by young farmers and the total number of farms.
A6: Typical products rate: this is the ratio between the number of typical products from agriculture in the municipality and the total number of typical products of Umbria.
A7: No. of bed spaces in rural tourism accommodation/Sq.km: this is the number of bed spaces in rural tourism accommodation per unit of area (square km).
A8: Irrigation water use/UAA: this is the amount of water used for irrigation per unit (Hectare) of Utilized Agricultural Area (UAA) A9: Livestock standard units/UAA: this is the number of animals breeding converted into Livestock Standard Units per unit of UAA A10: Organic UAA/UAA: this is the ratio between organic UAA and the total UAA. Key subject indicators for sustainable rural development are required, but are difficult to apply to different contexts (Schultink, 2000) . The above is a possible set, suitable for this case study, but of course more research and studies need to be developed.
Assessing Rural Sustainable Development in Umbria, Italy
We applied the analysis to the 92 municipalities of the Italian Region of Umbria (Figure 1 ).
Insert Figure 1
According to the OECD classification, all the municipalities in Umbria are predominantly rural or significantly rural: no predominant urban areas are to be found. In such a classification, the concept of sustainability is not taken into account.
Therefore, we calculated each indicator for the 92 municipalities. The level of rural sustainable development of each municipality was described by means of the 10 selected criteria. Table 1 shows a frame of the effects table: in the columns are the indicators, while in the rows Municipalities. In each cell the performance of each municipality with respect to the related indicator is reported. Insert Table 1 After calculating the indicators, DRSA was applied. DRSA requires exemplary cases to be selected. For this purpose, we asked for an evaluation by a regional expert of the level of rural sustainable development (RSD) for 18 of the 92 municipalities, to be used as a point of reference. The 18 municipalities were classified into three groups: good level of RSD (Municipalities of Paciano, Lisciano Niccone, Preci, Sellano, Monteleone di Spoleto and Montefranco); average level of RSD (Municipalities of Ficulle, Spoleto, Gubbio, Trevi, Baschi and Cannara); poor level of RSD (Municipalities of Giove, Attigliano, Perugia, Bastia Umbra, Penna in Teverina and Terni). By using this classification, we induced the decision rules according to the Dominance-based Rough set Approach.
The next step was the application of the rules to all 92 municipalities. For each municipality we calculated: -the rules matching each group of classes: good, at least average, mostly average, poor; -the minimal credibility of assignment for each group of classes.
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The information given by the rules was synthesized into a total score M, calculated for each municipality, as follows:
Score (M) = Score + (M) -Score -(M) where: Score + (M) = sum of the credibility C(r) of matched rules for which M is at least average (i.e. good or average); Score -(M) = sum of the credibility C(r) of matched rules for which M is at most average (i.e. poor or average).
This score is monotonic with respect to the evaluation of the considered criteria and agrees with the two principles that:
1. the more numerous and the more credible the positive rules (classifying the municipalities good or at least average) the greater the Score(M); 2. the more numerous and the more credible the negative rules (classifying the municipalities poor or at most average) the smaller the Score(M).
Thus, we obtained a ranking of the level of sustainable rural development of municipalities.
Results
The results of the application of DRSA to the 18 municipalities were as follows: -39 decision rules, describing good municipalities. An example is: if the Population is 1208 and the Organic UAA/UAA is 1.37%, then the municipality is good (fits for the municipalities of Preci, Sellano and Monteleone di Spoleto).
-76 decision rules describing at least average municipalities. An example is: if the Population scattering index is  0.29 and the Owned homes/Total homes are  0.75, then the municipality is at least average (fits for the municipalities of Lisciano Niccone, Preci, Sellano, Spoleto and Cannara).
-63 decision rules describing at most average municipalities. An example is: if the Concentrated population/Sq. Km is  12.3115 and the Agricultural employed residents/Total residents are 0.0434, then the municipality is at most average (fits for the municipalities of Giove, Attigliano, Perugia, Bastia Umbra, Spoleto, Gubbio, Trevi, Baschi, Cannara).
-42 decision rules describing poor municipalities. An example is: if the Typical products rate is  1.12% and the No. of bed spaces in rural tourism accommodation/Sq.km is  1.086169, then the municipality is poor (fits for the municipalities of Giove, Attigliano, Bastia Umbra, Penna in Teverina, Terni) To give an idea of the contribution of each criterion to the development of the rules, Table 2 shows the presence of criteria in decision rules and their importance for a good, average or poor result. For example: the criterion Concentrated population/Sq Km is present only in 10 decision rules. Moreover, in 5 cases it is determinant for good or at most average results, while in other 5 cases for at least average or poor results. Therefore, the contribution to the best and to the worst results is the same. On the contrary, the criterion Livestock standard units/UAA, for instance, is present in 44 rules and has a greater importance for good and at most average results, than for an at least average or poor classification.
Insert Table 2
The results of the application of the rules to all the 92 municipalities were synthesized, thanks to the calculation of Score(M), into a final ranking. The first ten municipalities and their response to rules are reported in Table 3 .
The table shows the scores and the confidence of rules. For each upward and downward union of classes (good, at least average, at most average, poor) the number of rules and the sum of confidence is reported ("a" stands for the number of rules,"b" stands for the sum of confidence). Insert Table 3 5. Discussion
What we tried to achieve with this application of DRSA was not merely a classification of territory. We wanted to evaluate the potentialities of the method for supporting the Decision Makers (DMs) in planning and managing rural areas. In particular, we wanted to evaluate, thanks to DRSA, the level of rural sustainable development in the municipalities.
The DRSA proved to be very effective in the assessment of sustainable rural development of the municipalities in Umbria. Moreover, the details of the information in the final results showed an important characteristic of DRSA: traceability. Traceability means that from the final score we can go back to the rules of reference, and from the rules to the objects in the data set.
For example, for the rule "if the No. of beds spaces in rural tourism accommodation/Sq.km is  2.00, and the Organic UAA/UAA is  0.03, then the municipality is poor in 75% of cases", the traceability says that this rule is supported by municipalities of Sellano, Montefranco, Giove, Attigliano, Perugia, Bastia Umbra, Penna in Teverina, Terni. Analogously, for to the rule "if the No. of bed spaces in rural tourism accommodation/Sq.km is 1.09 and the Organic UAA/UAA is 0.01, then the municipality is poor in 100% of cases", the traceability says that this rule is supported by the municipalities of Giove, Attigliano, Bastia Umbra, Penna in Teverina. In this way it is possible to identify the cause of a specific position for each municipality in the ranking. The possibility of knowing how many rules are influenced by a certain indicator enables the contribution of each indicator in the final results to understand. Moreover, we can understand if a specific indicator has a positive, negative or neutral influence on the final results, and in how many cases. It is very important to know which characteristics are fundamental for achieving a good level of sustainable development.
Sustainability is a multidimensional concept; rural areas present very different environments, a variety of economic activities, social and cultural traditions. Thus, decision makers deal with a high level of complexity when involved in assessment and decision making activities in this field. The clear results given by DRSA allow DMs to address specific actions in specific regions. This type of analysis also enables to point out weak points of each municipality corresponding to the conditions of the D-decision rules classifying the municipalities as at most average or poor to be corrected, as well as to point out the good features of each municipality corresponding to the conditions of the D-decision rules classifying the municipalities as at least average or good to be strengthened.
Conclusions
A dominance-based Rough Set Approach was applied to sustainable rural development evaluations. We showed that DRSA has many good properties within this context: transparency, the use of qualitative evaluations, decision analysis based on ordinal properties only, and traceability. The Decision maker gives preferential information by simply answering easy questions, and obtains transparent feedback in a learning oriented perspective. For this reason, the method can be considered as a "glass box" (Greco et al., 2001a) . In addition, decision makers get good support from this approach, but of course they are "not forced" to follow the results and recommendations of the DRSA application. Instead, DRSA supplies clear and "open" explanations of the problem to be solved and more information for their decisions.
The methodology presented in this paper is also available in a complete MCDA-GIS integration system with four different MCDA modules: ELECTRE, Fuzzy set, Regime and DRSA. The MCDA suite is available in the GRASS add-ons repository (http://trac.osgeo.org/grass/browser/grassaddons/raster/mcda) with GNU GPL license.
With reference to the case study, rural sustainable development is a multidimensional concept. A huge quantity of data is needed for the description and evaluation of rural sustainable development, and this data must be processed using proper methodologies, capable of supporting the decision maker. DRSA is a suitable methodology in this context. However, further development is necessary for rural sustainable development assessment: the set of indicators must be improved both in number and in the type of information.
Future work could relate to the application of the DRSA for decisions involving a plurality of decision makers (Greco et al., 2006 ) (stakeholders such as Public Administration, Environmental associations, Trade unions, Enterprises, etc.). 
